Physical training for pilots has been a focus of attention for a long period of time now. In this publication we assess the cardiovascular response to a series of anti-G straining maneuvers (AGSM) at baseline and after 2 months of muscle straining exercises and performing anti-G respiratory maneuvers (AGRM).
INTRODUCTION
Acceleration forces that act on a pilot in the +Gz axis (head to foot) cause displacement of soft tissues, organs (which are relatively mobile) and body fl uids toward the lower part of the body. Blood redistribution and disturbed venous return to the right heart lead to hemodynamic disturbances [3] . They increase with the value of an acting G-force, decrease in the capacity of physiological compensatory mechanisms and reduction in the effectiveness of anti-G straining maneuvers (AGSM). Such maneuvers involve contracting skeletal and abdominal muscles with simultaneous attempted exhalation against partially (M-1 maneuver) or completely (L-1 maneuver) closed glottis. The stronger the contraction, the greater the pressure exerted on peripheral vessels. Pressure exerted on arteries impairs distribution of blood to the lower part of the body, promoting centralization of blond fl ow. Pressure on venous vessels facilitates venous return to the right heart. Increased mediastinal pressure due to forceful blocked exhalation is transferred to the heart and large vessels, increasing blood pressure and, in consequence, improving cerebral circulation [1, 8, 11] . Therefore, AGSM has a muscular and a respiratory component. Optimal performance of AGSM may improve the tolerance to the G-force exerted in the head to foot axis by +2 to +4g [6] . Prolonged forceful, blocked expiration may lead to dramatic decrease in venous return, blood pressure drop and loss of consciousness [9] .
It has been shown that the muscular component is more useful for maintaining elevated mean blood pressure at the eye/brain level [4, 5] . Significant improvement of G tolerance through use of anti-G suits confi rm the positive impact of indirect peripheral vessel compression as +Gz acceleration increases.
Due to the above mentioned facts, great amount of attention is paid to pilot physical training. It is also worth noting that anti-G respiratory maneuvers are much more exhausting if performed while the G acceleration is acting. Muscles participating in the inspiratory phase are then working against the G-force vector, which requires greater eff ort in stretching the chest.
Previous training of Air Force Academy cadets and pilots in proper performance of AGSM was based on visual assessment. Likewise, previously used method of measuring the skeletal muscle contraction strength (during dynamic pressure on the pedals of a measuring device) does not allow for assessing the infl uence of static muscle contraction on peripheral vascular resistance and blood fl ow. Only the results of expensive tests performed in a centrifuge would give some insight into individual eff ects achieved through such training. Also, it seems obvious that even technically well done AGSM may be performed better after proper training.
In another publication [5] we demonstrated positive infl uence of static training of lower body muscles (it involves maintaining a "chair" position) with simultaneous AGRM exercises on the +Gz tolerance. The impact of such training on the changes in hemodynamic parameters that occur while performing a series of AGSMs under stationary conditions has not been studied. It may be expected that improved +Gz tolerance observed after training was a result of positive hemodynamic changes. The aim of this work was the following: evaluation of changes in hemodynamic parameters during AGSM series performance under stationary conditions before and after training.
METHODS
The group consisted of ten men aged 20-39 years (mean 28.1 years), 170-188 cm tall (mean 174.8 cm), weighing 62.5-92 kg (mean 75.8 kg), including 5 experienced F-16 pilots and 5 secondyear cadets from the Polish Air Force Academy in Dęblin.
None of the subjects smoked, there was no history of syncope or other important morbidities. No one abused alcohol or other drugs, nobody took any medication. No abnormalities in echoand electrocardiographic examination, complete blood count or electrolyte levels were noted in our subjects. Results of spirometry, chest x-ray and other examinations routinely performed for periodic medical check-ups were unremarkable.
Subjects performed the anti-G respiratory maneuvers in a "chair" position, which resembled a situation of sitting on a chair without a seat (with their back resting against the wall), as presented in Figure 1 .
Training was conducted according to the following scheme: a series of 10 AGRMs with 15-second breaks between each series performed up to the point of leg muscle fatigue precluding further exercise, once or twice a day for a period of 2 months.
During that time subjects also performed other physical exercise (fi tness, running, walking, swimming, cycling, etc.) as before.
Hemodynamic measurements were performed in the morning, in the same room, under identical Beat-to-beat recording of hemodynamic was performed using a TASK FORCE MONITOR device by CNS system.
Mean values of hemodynamic parameters registered during three series of anti-G maneuvers lasting 15 seconds before and after training were compared. A subject performed AGSM during each one of these series. Breaks between the series lasted 15 seconds and were meant for rest (like the breaks between subsequent ROR program intervals in a centrifuge).
AGSM series is defi ned as separate AGSMs performed immediately one after another. After conditions with regard to level of noise, moisture and surrounding temperature (air-conditioning). All subjects reported for examinations well rested, after a good night sleep, did not take any stimulants or pharmacological agents before the test.
Assessment of circulatory system involved the following recorded parameters: Body position during anti-G respiratory maneuvers is called a "chair" position. Original Article hemodynamic parameters did not return to initial values. Therefore, every successive series was commenced in a hemodynamic situation that differed from the baseline.
Comparison of mean values of hemodynamic parameters recorded in a study group during 3 successive AGSM series before and after training is presented in Table 1 .
Mean cumulative values of hemodynamic parameters acquired during all 3 AGSM series before and after training are presented in Table 2 .
It was demonstrated that all assessed parameters except for CO signifi cantly changed after training in a "chair" position.
DISCUSSION
Advances in medical technology made it possible to perform non-invasive, simultaneous recording of hemodynamic parameters and autonomic nervous system important for monitoring of patient condition and progress of treatment. In this work we recorded hemodynamic parameters (using impedance) during a series of AGSM maneuvers (thus, under dynamic conditions). The study a quick expiration, the subject performs a rapid (lasting about 1s) deep breath followed by forced, blocked expiration lasting about 3s. etc.
Above tests were performed on a chair positioned identically to a chair in F-16 and the subjects assumed the same position as during centrifuge tests. Their feet rested on rudder pedals. Left forearm was placed on an armrest positioned at a heart level (requirement of measurement method). Right forearm rested on the second armrest in such a way so that a sensor placed on subject's fi ngers (which took BP measurements using pletysmography) was at a heart level.
Statistical signifi cance was assessed using a two-way student's t-test for dependent samples with p<0.05.
RESULTS
An example of changes in hemodynamic parameters recorded during AGSM series (beat-tobeat recordings) in one of the subjects is displayed as graphs in Figure 2a and 2b.
One should note that during a 15-second break before subsequent AGSM series, the recorded Fig. 2b . Graphic representation of changes in: heart rate (HR), stroke volume (SV), and cardiac output (CO) during AGSM series. Original Article such extent to allow for generating higher blood pressures during a series of anti-G maneuvers. Total vascular resistance largely depends on the activity of sympathetic vascular fi bers and local factors released by endothelium (causing vessel constriction or dilatation) [11] . Increased sympathetic activity in control stress tests performed after training is evidenced by, i.e. signifi cant increase in mean HR and TPR values. Sympathetic activation also increases the strength of cardiac contraction and therefore, the force that the heart muscle had to counteract in order to eject the stroke volume to peripheral vessels had to be higher. After the training, the subjects were capable of greater and more eff ective muscular eff ort during performance of AGSM series. Therefore, mean LVWI value increased signifi cantly during control stress tests.
Stroke volume is the diff erence between enddiastolic and end-systolic volumes. It is determined by, among other things, cardiac contractility, preload and afterload -relationship between contractility and preload is directly proportional and inversely proportional to afterload [11] . However, changes of mean SV values before and after training should not be analyzed separately from heart rate, which greatly infl uences this parameter and depends on many internal and external factors. Similar objection may apply to interpretation of a parameter, which is very important from the viewpoint of G-tolerance -systemic vascular resistance, which is known as afterload. Parameters such as, i.e. MAP, central venous pressure (if unknown, appropriate software uses a default value) and cardiac output (product of SV and HR) are used to calculate this value. Since SV is infl uenced by the above parameters, their changes automatically determine CO value, which did not change statistically after the training.
With proper cardiac function PEP (time from beginning of left ventricular depolarization to opening of the aortic valve) becomes prolonged due to decrease in venous return and, in consequence, end-diastolic volume of the left ventricle and its distension. More eff ective execution of AGRMs is probably responsible for prolonged mean values of this parameter after training. Forceful blocked expiration causes signifi cant increase in intrathoracic pressure and thereby impedes venous return. Thus, the more eff ectively maneuver is performed, the greater the impediment.
It is known that LVET (time from aortic valve opening to its closing) shortens with decrease in venous return in the course of SV reduction. This relationship is in agreement with acquired results. After training, during the AGSM series mean SV valgroup consisted of Polish Air Force Academy cadets and pilots, the great majority of who greatly benefi tted from a 2-month AGRM training in a "chair" position with regard to +Gz tolerance improvement [5] . Selected hemodynamic parameters recorded during 3 AGSM series were analyzed before and after training.
It should be emphasized that values of recorded hemodynamic parameters physiologically undergo constant, slight changes which occur even during rest. During a series of performed AGSMs blood circulation becomes more dynamic. When considering theoretically the hemodynamic eff ect of each successive AGSM during the entire series one should refer to a hemodynamic state produced as a consequence of the previous AGSM, which is practically impossible as the end of one AGSM almost immediately becomes the beginning of another one. Thus, each subsequent AGSM begins in a hemodynamic state that signifi cantly diff ers from the initial one. Even during 15-second brakes between three successive AGSM series recorded values of hemodynamic parameters did not return to baseline. For the above reasons we used mean values of hemodynamic parameters recorded in a given period of time when discussing the results of our work.
Theoretically, cumulative response of baroreceptors from the entire cardiovascular system is additionally infl uenced by unequal volumes of air in the lungs during successive AGSMs [7] . It has an impact on mediastinal pressure and therefore, amount of venous return, particularly during AGSMs performed in series. It is also worth noting that during non-invasive assessment of cardiovascular system under static conditions dynamic nature of some hemodynamic parameters (e.g. vessel diameter, density, viscosity, blood velocity and resistance) is neglected for the matter of simplicity and their number is reduced to optimal minimum. Thus, only average values of certain parameters are in fact recorded at a given time.
Physiological adaptation of the cardiovascular system to static physical eff ort mainly involved changes in the following parameters: HR, MAP, TPR and LVWI [1] . The most important parameter responsible for +Gz acceleration tolerance is MAP. This pressure value at a level of the eye determines G-tolerance of the body. Physiologically, mean blood pressure depends on TPR and CO [10] . It was shown in the present work that mean sBP, dBP and MAP values recorded after three AGSM series were signifi cantly higher after training. AGRM training in a "chair" position positively impacted the strength of skeletal and respiratory muscle contraction to
